FIG. 1 



.1: PATTERN-CENTER 
DETERMINATION 
APPARATUS 



AUXILIARY-LINE 
GENERATION SECTION 



12: PATTERN-CENTER 
DETERMINATION 
\ SECTION 



AUXILIARY-LINE- 
INTERSECTING-POINT 
CALCULATION SECTION 



MOST-CROWDED-POINT 
CALCULATION SECTION 



FIG. 2 



100 



100-1 



100-2 



^100-4: BUSUNE 



100-3 



INPUT/OUTPUT 
INTERFACE 



101 



102 



DISPLAY 



104 



105 



106 



COMMUNICATION 
NETWORK 



107 



EXTERNAL 
STORAGE 



RECORDING 
MEDIUM 
DRIVE 



.108 



FIG. 3 



.11: AUXILIARY-LINE 
GENERATION 
SECTION 



START-POINT 
SETTING 
SECTION 



11-2 



REFERENCE- 
CIRCLE GENERATION 
SECTION 



REFERENCE-CIRCLE- 
INTERSECTING- POINT 
CALCULATION SECTION 



^11-4: INTERSECTING-POINT 
EXTRACTION SECTION 



NORMAL- 
DIRECTION 
CALCULATION 
SECTION 



11-41 



11-43 
-JL 



TANGENTIAL- 
DIRECTION 
CALCULATION 
SECTION 

n\ 

11-42 



ANGLE-DIFFERENCE 
CALCULATION SECTION 



END-POINT 
CALCULATION 
SECTION 



LINE-SEGMENT 
GENERATION 
SECTION 



FIG. 4 



START 



> 


i f 


GENERATE TWO OR MORE AUXILIARY 
LINES ON OBJECT PATTERN 


> 




CALCULATE INTERSECTING 
POINT(S) OF AUXILIARY LINES 


> 


* f 


DETERMINE MOST CROWDED 
POINT OF INTERSECTING POINT(S) 
OF AUXILIARY LINES AS PATTERN CENTER 


> 





A1 



A2 



A3 



1^ END J 



FIG. 5 



f START J 





' f 


SET START POINT 






GENERATE REFERENCE CIRCLE CENTERED AT START POINT 






CALCULATE INTERSECTING POINTS OF 
REFERENCE CIRCLE AND PATTERN CURVES 



B4 



IS ANY INTERSECTING POINTS OF REFERENCE 
CIRCLE AND PATTERN CURVES PRESENT ON PARTICULAR 
SIDE WITH RESPECT TO START POINT? 



NO 



1 


rYES ^ 


CALCULATE NORMAL DIRECTION TO REFERENCE CIRCLE AND 
TANGENTIAL DIRECTION TO PATTERN LINE AT EACH OF 
INTERSECTING POINTS PRESENT ON PARTICULAR SIDE 






CALCULATE ANGLE DIFFERENCE BETWEEN NORMAL DIRECTIONS 
AND TANGENTIAL DIRECTION AT EACH INTERSECTING POINT 



.65 



SELECT TWO INTERSECTING POINTS BASED ON ANGLE DIFFERENCES 



DETERMINE MIDDLE POINT OF TWO 
INTERESTING POINTS AS END POINT 



GENERATE LINE SEGMENT INTERCONNECTING 
START POINT AND END POINT 



SET END POINT AS START POINT 



.69 



B10 



FIG. 6(A) 



a5 
~ b5 



FIG. 6(B) 



FIG. 8 



^ 11': AUXILIARY-LINE 
GENERATION SECTION 



11 '-2 

r 



START-POINT 
CALCULATION 
SECTION 



11 '-3 



AUXILIARY-LINE- 
SEGMENT GENERATION 
SECTION 



11 '-4 
r 



PERPENDICULAR- 
BISECTOR GENERATION 
SECTION 



PERPENDICULAR- 
BISECTOR-INTERSECTING- 
POINTCALCUU\TION SECTION 



NODE 
CALCULATION 
SECTION 



ir-io 



FIRST-LINE-SEGMENT 
GENERATION 
SECTION 



11 '-1 

r 



FIRST-AUXILIARY- 
POINT SETTING 
SECTION 



11 '-7 

r 



STRAIGHT-LINE 
GENERATION 
SECTION 



11 '-8 

r 



SECOND-AUXILIARY- 
POINT CALCULATION 
SECTION 



11 '-9 

r 



END-POINT 
CALCULATION 
SECTION 



11'-11 

r 



SECOND-LINE-SEGMENT 
GENERATION 
SECTION 



FIG. 9 



^ START ^ 
1 



SET TWO FIRST AUXILIARY POINTS 



£,1 



CALCULATE MIDDLE POINT OF TWO FIRST AUXILIARY POINTS AS START POINT 



,C3 



GENERATE AUXILIARY LINE SEGMENT INTERCONNECTING TWO FIRST AUXILIARY POINTS 



.C4 



GENERATE PERPENDICULAR BISECTOR OF AUXILIARY LINE SEGMENT 



,C5 



IS ANY INTERSECTING POINTS OF PATTERN CURVES 
AND PERPENDICULAR BISECTOR PRESENT ON PARTICULAR 
SIDE WITH RESPECT TO START POINT? / 

YYES 



NO 



SELECT INTERSECTING POINT NEARESTTO START POINT FROM 
INTERSECTING POINTS OF PERPENDICULAR BISECTOR AND PATTERN CURVES 



CALCULATE POINT SPACED BY PREDETERMINED DISTANCE FROM 
SELECTED INTERSECTING POINT ON PERPENDICULAR BISECTOR AS NODE 



GENERATE STRAIGHT LINE ORTHOGONALLY CROSSING 
PERPENDICULAR BISECTOR AT NODE 



SELECT TWO INTERSECTING POINTS ON OPPOSITE SIDES OF AND 
NEARESTTO NODE FROM INTERSECTING POINTS OF STRAIGHT LINE 
AND PAHERN CURVES AS SECOND AUXILIARY POINTS 



.C6 



,C7 



X8 



X9 



CALCULATE MIDDLE POINT OF TWO SECOND AUXILIARY POINTS AS END POINT 



GENERATE FIRST LINE SEGMENT INTERCONNECTING START POINT AND NODE 



X11 



GENERATE SECOND LINE SEGMENT INTERCONNECTING NODE AND END POINT 



SET TWO SECOND AUXILIARY POINTS AS FIRST AUXILIARY POINTS 



FIG. 10(A) 



FIG. 10(B) 



A2 



FIG. 11 



^ 11": AUXILIARY-LINE 
r GENERATION SECTION 



I r ll"-'' 

START-POINT 

SETTING SECTION 



AUXILIARY-POINT 
CALCULATION 
SECTION 



11 "-3 



AUXILIARY-LINE- 
SEGMENT GENERATION 
SECTION 



STTAIGHT-LINE 
GENERATION 
SECTION 



11 "-5 



END-POINT 
CALCULATION 
SECTION 



11 "-6 



LINE-SEGMENT 
GENERATION 
SECTION 



FIG. 12 



^ START ^ 



SET START POINT ON PATTERN CURVE 



CALCULATE TWO POINTS OPPOSITE 
TO EACH OTHERACROSS START POINT AND EACH 
SPACED BY PREDETERMINED DISTANCE FROM START 
POINT ON SAME PATTERN CURVE AS AUXILIARY POINTS 



GENERATE STRAIGHT LINE ORTHOGONALLY 
CROSSING AUXILIARY LINE SEGMENT AT START POINT 



IS ANY INTERSECTING POINTS OF STRAIGHT LIN^N^" 
AND PATTERN CURVES PRESENT ON PARTICULAR 
SIDE WITH RESPECT TO START POINT? / 



YES 



SELECT INTERSECTING POINT NEAREST TO START POINT 
FROM INTERSECTING POINTS BETWEEN STRAIGHT LINE 
AND PATTERN CURVES AS END PINT 



GENERATE LINE SEGMENT INTERCONNECTING 
START POINT AND END POINT 



SET END POINT AS START POINT 



FIG. 13(A) 



FIG. 14 

2: PATTERN-ORIENTATION DETERMINATION APPARATUS 



21 



PATTERN-CENTER 
DETERMINATION SECTION 



REFERENCE-CIRCLE 
GENERATION SECTION 



REFERENCE-CIRCLE-INTERSECTING- 
POINT CALCULATION SECTION 



^24: REFERENCE-POINT 
[DETERMINATION SECTION 



INTERSECTING-POINT 
EXTRACTION SECTION 



REFERENCE-POINT 
CALCULATION SECTION 



X 



25: PATTERN-ORIENTATION 
DETERMINATION SECTION 



251 (251') 



RECTIFICATION SECTION 



FIG. 15 



"241: INTERSECTING-POINT 
EXTRACTION SECTION 



NORMAL- 
DIRECTION-TO- 
REFERENCE- 

CIRCLE 
CALCULATION 
SECTION 



24^-2 



TANGENTIAL- 
DIRECTION-TO- 
PATTERN- 
CURVE 
CALCULATION 
SECTION 



T 



241-3 



ANGLE-DIFFERENCE 
CALCULATION SECTION 



FIG. 16 



[ START ) 







DETERMINE CENTER OF FINGERPRINT-LIKE PATTERN 






GENERATE REFERENCE CIRCLE WITH PREDETERMINED 
RADIUS CENTERED AT PATTERN CENTER 



.E2 



CALCULATE INTERSECTING POINTS OF REFERENCE 
CIRCLE AND PATTERN CURVES 



SELECT TWO INTERSECTING POINTS SATISFYING PREDETERMINED 
CONDITION FROM CALCULATED INTERSECTING POINTS 



CALCULATE MIDDLE POINT OF SELECTED TWO 
INTERSECTING POINTS AS REFERENCE POINT 



DETERMINE PATTERN ORIENTATION BASED ON PATTERN 
CENTER AND REFERENCE POINT 



r END ) 



FIG. 17 




h h h U 



FIG. 18 



I START J 

i 

CALCULATE NORMAL DIRECTION TO REFERENCE CIRCLE AND TANGENTIAL 
DIRECTION TO PATTERN CURVE AT EACH OF INTERSECTING POINTS 

.F2 



CALCULATE ANGLE DIFFERENCES BETWEEN NORMAL DIRECTION TO 
REFERENCE CIRCLE AND TANGENTIAL DIRECTION TO 
PATTERN CURVE AT EACH INTERSECTING POINT 



SELECT TWO INTERSECTING POINTS BASED ON 
ANGLE DIFFERENCES AT INTERSECTING POINTS 



END ^ 



FIG. 19 




FIG. 20(A) 




FIG. 20(B) 




FIG. 21 




FIG. 22 




FIG. 23 



^241': INTERSECTING-POINT EXTRACTION SECTION 



J- 



TANGENTIAL- 
DIRECTION-TO- 
REFERENCE- 

CIRCLE 
CALCULATION 

SECTION 



L 



TANGENTIAL- 
DI RECTI ON-TO- 
PATTERN- 
CURVE 
CALCULATION 
SECTION 



ANGLE-DIFFERENCE 
CALCULATION SECTION 



FIG. 24 



[ START J 





,G1 


CALCULATE TANGENTIAL DIRECTION TO REFERENCE CIRCLE AND TANGENTIAL 
DIRECTION TO PATTERN CURVE AT EACH OF INTERSECTING POINTS 








^G2 


CALCULATE ANGLE DIFFERENCE BETWEEN TANGENTIAL DIRECTION TO REFERENCE CIRCLE 
AND TANGENTIAL DIRECTION TO PATTERN CURVE AT EACH INTERSECTING POINT 






,G3 


SELECT TWO INTERSECTING POINTS BASED ON ANGLE 
DIFFERENCES AT INTERSECTING POINTS 











FIG. 25 



FIG. 26 




FIG. 27 

^3: PATTERN ALIGNMENT APPARATUS 



.31 



ALIGNMENT SECTION 



.32: ALIGNMENT-RESULT 
ADJUSTMENT SECTION 



321 



MINUTIA EXTRACTION SECTION 



^322 



COLLATION 
SECTION 



.323 



PERMISSIBLE-SHIFT-RANGE 
CALCULATION 
SECTION 



DETECTION 
SECTION 



325 (325') 



ADJUSTMENT-SHIFT 
CALCUUMION SECTION 



.326 



SHIFTING SECTION 



FIG. 28 



A3. 



V B2/ 



AO: FINGERPRINT CENTER 



• : MINUTIAE OF FINGERPRINT A 
O : MINUTIAE OF FINGERPRINT B 



\ : THRESHOLD AREA FOR COINCIDENCE OF MINUTIAE 



FIG. 29 



( START ] 

EXTRACT GROUP OF MINUTIAE FROM EACH OF 
TWO FINGERPRINT-LIKE PATTERNS 



.H2 



COLLATE TWO GROUPS OF MINUTIAE OF 
TWO FINGERPRINT-LIKE PATTERNS 



DETERMINE ADJUSTMENT SHIFT OF ONE WITH 
RESPECT TO THE OTHER OF TWO FINGERPRINT-LIKE PATTERNS 
BASED ON COLLATION RESULT OF TWO GROUPS OF MINUTIAE 



SHIFT ONE WITH RESPECT TO THE OTHER BY 
ADJUSTMENT SHIFT TO ADJUST ALIGNMENT RESULT 



END J 



FIG. 30(A) 




FIG. 30(B) 




FIG. 30(C) 



PAIR OF COINCIDING 
MINUTIAE IN COLLATION 



PERMISSIBLE ROTATION 
ANGLE RANGE 



C8, C9: PERMISSIBLE ROTATION ANGLE RANGES 
CORRSPONDING TO COINCIDING MINUTIA 
PAIRS (A8, B8), (A9, B9) IN COLLATION, 
RESPECTIVELY 



■ □ : PERIPHERAL MINUTIAE 



FIG. 31 





'/MM 

m 




m 




3 


2 


4 


2 





-10 12 
DEGREE DEGREE DEGREE DEGREES 



FIG. 32 



.4: PAHERN ALIGNMENT APPARATUS 



^ 41: ALIGNMENT-REFERENCE 
j DETERMINATION SECTION 



PATTERN-CENTER 
DETERMINATION 
SECTION 



I ^412 

PATTERN-ORIENTATION 
DETERMINATION 
SECTION 



PARALLEL SHIFT 
CALCULATION 
SECTION 



^42: ALIGNMENT SECTION 



_X. 



422 



ROTATION-ANGLE 
CALCULATION 
SECTION 



423 



POSITION ADJUSTMENT SECTION 



i t£ 

ALIGNMENT-RESULT ADJUSTMENT SECTION 



FIG. 33 



( START J 







DETERMINE ALIGNMENT REFERENCES 
FOR TWO FINGERPRINT-LIKE PATTERNS 






ALIGN TWO FINGERPRINT-LIKE PATTERNS 
SO AS TO MAKE ALIGNMENT REFERENCES 
COINCIDE WITH EACH OTHER 




' J3 



NECESSARY TO ADJUST 
ALIGNMENT RESULT? 



ADJUST ALIGNMENT RESULT OF TWO 
FINGERPRINT-LIKE PATTERNS SO AS TO 
IMPROVE ALIGNMENT 



[ END ^ 



FIG. 34 



^5: PATTERN VERIFICATION APPARATUS 



52: ALIGNMENT-REFERENCE 
DETERMINATION SECTION 



521 



PATTERN- 
CENTER 
DETERMINATION 
SECTION 



PATTERN- 
ORIENTATION 
DETERMINATION 
SECTION 



IT 



PATTERN 
INPUTTING 
SECTION 



ALIGNMENT 
SECTION 



MINUTIA 
EXTRACTION 
SECTION 



VERIFICATION 
SECTION 



ALIGNMENT-RESULT 
ADJUSTMENT SECTION 



REGiSITRATION-DATA 
OBTAINING 
SECTION 



FIG. 35 



[ START J 



OBTAIN REGISTRATION DATA INCLUDING 
ALIGNMENT REFERENCES AND GROUP OF REGISTERED 
MINUTIAE OF REGISTERED FINGERPRINT-LIKE PATTERN 



J2 



INPUT OBJECT FINGERPRINT-LIKE 
PATTERN FOR VERIFICATION 



DETERMINE ALIGNMENT REFERENCES OF 
OBJECT FINGERPRINT-LIKE PATTERN 



EXTRACT GROUP OF OBJECT MINUTIAE FROM 
OBJECT FINGERPRINT-LIKE PATTERN 



ALIGN OBJECT FINGERPRINT-LIKE PATTERN OR GROUP OF 
OBJECT MINUTIAE AND GROUP OF REGISTERED MINUTIAE 

SO THAT ALIGNMENT REFERENCES COINCIDE 
WITH EACH OTHER 



VERIFY OBJECT FINGERPRINT-LIKE PATTERN OR 
GROUP OF OBJECT MINUTIAE WITH REGISTERED 
MINUTIAE BASED ON ALIGNMENT RESULT 



NECESSARY TO ADJUST 
ALIGNMENT RESULT? 



NO 



J8 



ADJUST ALIGNMENT RESULT OF OBJECT 
FINGERPRINT-LIKE PATTERN OR GROUPE OF OBJECT 
MINUTIAE AND GROUPE OF REGISTERED MINUTIAE 
SO AS TO IMPROVE ALIGNMENT 

n 



FIG. 36 



COMMON COORDINATEAXES 




FIG. 37 




i t i i 
}{{{({} 
f f s } { { i 
/{{{{if 
{{{{{{{ 
{{{{{{{ 
/{{{{{{ 
{{}{{{{ 
/{{{{{{ 

/{{{{{ 

/}{}{{ 

// i i i { 

I I J 
— \\ \ 



{ i } { 
{}}{{{ 
{{{{{{ 
{{{{{{ 
{ { \ { \ \ 
{ \ \ \ \ \ 
{ i \ \\\ 
/ I I ^ I I 
I I I \ I I 
I I I I I I 
I I I I I I 

s I I I I 

s s \ \ 

\ \ ^ \ 

s \ s \ 

\ \ ^ \ 

\ \ \ \ 

^ \ \ \ 

^ \ \ \ 



\ \ \ s s\ 

WW \ \ \ ^ \ \ \ \ s\ 

\ s \ \ \ \ \ \ \ w 
s \ \ \ \ \ \ \ \ w 



\ v I i I I 

I I I i I I 

\ \ ^ I I I 

\ i I I I I 

s s s \ I I 

s s ^ I I I 

S S \ I w 

WW IS 

\ \ 1 I \ I 

S \ I S I I 

\ \ 1 s I I 

\ \ \ I I IX 

\ \ wy- 
\ \\ - 



s w 
s w 
I \ 
I \ 



FIG. 38 



O 



















\ 


\ 


/ 


/ 


/ 


/ 






\ 


\ 


\ 


\ 




/ 


/ 


/ 




\ 


\ 


\ 


\ 


\ 


/ 


/ 


/ 


/ 


/• 




\ 


\ 


\ 


\ 


/ 


/ 


/ 


/ 


/ 


\ 


\ 


\ 


\ 


\ 


/ 


/ 


/ 


/ 


1 


1 


\ 


\ 


\ 


\ 



■ : CENTER "O" OF FINGERPRINT 



FIG. 39 



DIRECTION 
0 


DIRECTION 
1 


DIRECTION 
2 


DIRECTION 
3 


DIRECTION 
4 


DIRECTION 
5 


DIRECTION 
6 


DIRECTION 
7 








/ 






\ 


\ 





FIG. 40(A) 



DIRECTION 1 



DIRECTION DIFFERENCE: 1 
DIRECTION 0 



FIG. 40(B) 



DIRECTION 4 

DIRECTION DIFFERENCE: 
J DIRECTION 0 



13 



FIG. 40(C) 



DIRECTION? 



15 



